Rickettsial infections are both one of the oldest and recently recognized reemerging zoonotic infections. Misdiagnosis and underreporting of rickettsial infections are significant public health problems leading to extensive investigations in patients with fever of unknown origin, thus contributing to economic burden on families. We review the situation of rickettsial outbreaks in India with the advent of the 20 th century. We did a PubMed and Google search for literature available for rickettsial outbreaks in India. Literature was searched for outbreaks that were reported before the year 2000 and after the year 2000. The data were compiled and tabulated for comparative and descriptive analysis of the clinicoepidemiological profile, diagnosis, and existence of rickettsial infections in India. Rickettsial infections are reemerging and are reported from almost all parts of India such as Himachal Pradesh, Rajasthan, Jammu and Kashmir, Uttaranchal, Maharashtra, Tamil Nadu, Karnataka, Kerala, Assam, Mizoram, and West Bengal. Nonspecific clinical presentation and nonavailability of sensitive and specific diagnostic test make it difficult to document the diagnosis of these infections in India. Recently, molecular biological methods such as polymerase chain reaction and loop-mediated isothermal amplification have been developed but available only at reference laboratories. Therefore, knowledge of geographical distribution of outbreaks reported and clinical features such as fever, rash, eschar, headache, and myalgia, history of contact with animals, and travel history to endemic areas should arise high index of suspicion for the early diagnosis.
Introduction
M ost covert reemerging infection of the present times, rickettsial diseases have been prevalent worldwide. In India, several cases have been reported from Delhi, Himachal Pradesh, Jammu and Kashmir, Uttarakhand, Rajasthan, Tamil Nadu, and Maharashtra. [1] In the early years, cases have mainly been reported from soldiers in the Assam and Burma fronts during the Second World War when it was a problem second only to malaria. Thereafter, very little data about rickettsial diseases have been available from India. [2] Since the past decade, increasing number of cases are being reported, and scrub typhus and Indian tick typhus are the common rickettsial infections reported from India so far. In fact, it has been established that rickettsial diseases are a reemerging zoonotic bacterial infection in the Indian subcontinent. [3] However, all cases reported so far from India are an underestimate because of several reasons such as difficulty in diagnosing the infections due to lack of proper diagnostic tests, low index of clinical suspicion due to nonspecific signs and symptoms, and lack of awareness among health-care workers. Treatment is more cost-effective than definitive laboratory diagnosis; irrational antibiotics are prescribed to pyrexia of unknown origin (PUO) cases in endemic areas. This has led to overtreatment in comparison to underdiagnosis. [4] Rickettsiae are obligate intracellular organisms which are difficult to culture. The awareness of clinicians about this reemerging infection in India, which has long been a neglected infectious disease, is essential for early diagnosis and management of PUO cases and therefore with this aim, we reviewed the situation of rickettsial infections in India before and after the 20 th century, clinical-epidemiological profile, diagnosis, and prevention for better public health understanding.
Existence of Rickettsial Infections in India
Before the 20 th century, rickettsial diseases (typhus and spotted fever group) were thought to be rarely reported in India [ Table 1 ]. Most of the cases were reported from soldiers in Assam, West Bengal, during World War II. Few data were available about the prevalence of rickettsial infections in the country. In fact, the tests available for diagnosing the infection were actually done only at a few centers. [2] Scrub typhus was an endemic disease in several parts of India in the 1960s and 1970s. After that, the disease was thought to be eradicated as a result of widespread use of insecticides, empirical use of new antibiotics such as tetracyclines and chloramphenicol for treating PUO. After two decades, in 1990, cases were reported from soldiers in the army at Pakistan border of India. [5] However, since the year  2000 [Table 2 ], rickettsial infections have reemerged and increasing number of outbreaks have been reported. [6] The increase in the outbreaks reported after 20 th century may be due to human behavioral changes, unplanned urbanization, deforestation, and rapid transport leading to the displacement of vectors as well as the rodents from one place to another. [7] It is clear from the data available that among the major groups of rickettsioses, commonly reported diseases in India are scrub typhus, murine flea-borne typhus, and Indian tick typhus in most of the regions of India. [8] [9] [10] [11] The geographical distribution of rickettsial infections that are common in India is given in Table 3 . Endemic typhus, Indian tick typhus, and scrub typhus are reported in most of the outbreaks. [1, 2, [12] [13] [14] [15] The most common rickettsial disease in India is scrub typhus and is prevalent in many parts of India. [15] Some newly discovered or less recognized rickettsial infections such as flea-borne spotted fever caused by unidentified rickettsial species (R14 strain) which has genetic identity with rickettsia species of flea origin from Egypt and Thai-Myanmar border have also been reported from Western Himalayan region of India. [14] Clinico-epidemiological Profile of Rickettsial Infections
Rickettsial infections are a reemerging bacterial zoonotic infection. Human beings are accidentally involved in the transmission chain between vectors (ticks/ flea/mites) and animals (rodents/cats). [11] Most of the cases in the outbreaks reported have a history of animal contact (dog/cattle) or insect bite. [3] Most of the outbreaks in Karnataka, Tamil Nadu, Andhra Pradesh, and other places have reported patients from rural areas. [6] Although rickettsial diseases are common in rural areas, but its presence has been documented in urban areas such as Delhi and Bengaluru and other towns in India, where mites and other vectors may be present in vegetations near residences. [16] Seasonal trend has been reported in most of the cases. Outbreaks were observed soon after the rainy season (August-November). [3, 6, 11, 17, 18] It is because of the vector breeding habits, especially mites. The egg hatches to larva due to increased humidity postmonsoon. Moreover, it is the larval stage that transmits the disease. Outbreaks in India have reported cases that are more prevalent in male gender. [6, 9, 16, [19] [20] [21] Infection is most commonly found in children. [6, 20, 21] The clinical presentation of rickettsial infections ranges from mild febrile illness to life-threatening conditions if there is delay in diagnosis and management. In most of the outbreaks that have been reported, patients presented with acute febrile illness with nonspecific signs and symptoms. [22] [23] [24] One of the pathognomonic sign of scrub typhus is eschar formation present in 50%-80% cases. [25] [26] [27] However, in some outbreaks, no eschar was found in the cases. [14, 22, 20, 28] Presence of rash is considered hallmark of rickettsial disease, but it is not seen in all the patients. It becomes apparent after 3-5 days of fever. [1] Vomiting, headache, abdominal pain, breathlessness, and lymphadenopathy are other signs and symptoms associated with fever in many cases. [22, 29] 
Diagnosis of Rickettsial Diseases in the Indian Scenario
In the earlier times, diagnosis was mainly clinical based on the presence of eschar and rash and history of outdoor activities. [30] The clinical signs and symptoms including eschar formation are not diagnostic of rickettsial diseases. Epidemiological parameters such as geographical distribution, occupation, animal contact, travel history to forest, and endemic areas may help in making a presumptive diagnosis so as to initiate timely management. [11] Hence, it is important for the clinicians to be aware of all these parameters and be sensitized to have a high index of suspicion while managing patients of PUO. However, all suspected cases need to be confirmed by laboratory tests to document the infection. Laboratory diagnosis is done by serology, isolation of organism, and molecular assays [ Table 4 ].
Serology
The Weil-Felix test discovered in 1916 is the most commonly used laboratory test in India for diagnosing rickettsial diseases in most of the outbreaks. Weil-Felix is an antibody detection test with low sensitivity and specificity. It detects antibodies to various Proteus spp. antigens that crossreact with rickettsiae. The sensitivity and specificity of this test are 43% and 98%, respectively, as evaluated by some studies. [31, 32] This test confirms the presence of infection 2 weeks after the onset of disease.
It is an inexpensive test and therefore an important diagnostic tool for developing countries such as India, where other specific serologic tests such as indirect immunofluorescence assay (IFA), ELISA (IgM capture), and rapid immunochromatographic test (ICT) are expensive and available only in few laboratories in India. [31] A study conducted by Kulkarni et al. compared the performance of serodiagnostic assays and found that ELISA-IgM assay has 95% sensitivity and 95.2% specificity in IFA-positive patients, while Weil-Felix test has 77% sensitivity and 81.6% specificity in IFA-positive patients. ELISA IgM is similar to IFA and better than Weil-Felix and may be used as a low-cost alternative test to IFA in developing countries with poor resources. [33] The gold standard test is IFA but not easily available in our country. [34] Only reference laboratories perform this test. It is the most sensitive and specific test. Four-fold rise in titer is demonstrated in paired sera to confirm the diagnosis of rickettsial infection. [11] Rapid ICT is available for the diagnosis of scrub typhus only but not widely used due to poor sensitivity. Studies [35] [36] [37] have shown 98%-100% specificity but 28%-49% sensitivity.
ICT is a screening test and should be more sensitive, and therefore, in India, it is not recommended for the diagnosis of rickettsial diseases. [35] Rapid ICT has been used to diagnose rickettsial infection in several outbreaks reported since 2012-2016 in Mizoram. [38] Isolation of the organism Rickettsiae can grow in variety of cell lines such as human fibroblasts, endothelial and epithelial cells (HeLa), other mammals (VeRo, L929), amphibians (XTC-2), a v i a n h o s t s ( c h i c k e m b r y o f i b r o b l a s t ) , a n d arthropods (tick-derived DAE100, mosquito-derived Aa23, and C6/36 cell lines). [39] However, cell lines are not easily available in most Indian settings. [40] Rickettsiae are highly infectious agents, and biosafety level III facilities are required in the laboratories where culture is done. Hence, it is done only in reference laboratories for the research purpose. 
Molecular assays
Polymerase chain reaction (PCR) was first shown useful for scrub typhus in 1990. [41] It can be done up to 10 days of fever after which serology is better for making a diagnosis. Common target genes are htrA (47-kDa periplasmic serine protease), 56-kDa type-specific antigen, rrs (16SrRNA), and GroEL (heat shock protein Hsp60). Real-time PCR formats are also there but very expensive so not used widely in India for diagnosis. Molecular assays are also available only in reference laboratories such as culture. Some outbreaks [9, 42] in Himachal Pradesh and Vellore have used PCR and IFA along with Weil-Felix test to confirm their diagnosis. Studies have shown that loop-mediated isothermal amplification (LAMP ) assays are affordable, sensitive, specific, user-friendly, and rapid. [43, 44] 
Conclusion
Rickettsial diseases occur as outbreaks in almost all parts of India. Resurgence of cases reported with the advent of the new millennium highlights the need for generation of awareness among the clinicians, especially those working at the periphery to consider rickettsial infections as one of the important cause of PUO. It should be higher in the list of differential diagnosis of PUO with a high index of suspicion in patients with fever, rash, history of travel, or animal contact. Standard treatment guidelines should be followed for timely diagnosis and management of cases. A uniform case definition needs to be followed, surveillance activities need to be strengthened and capacity for laboratory confirmation should be developed in the country. Focus needs to be on prevention of the disease by bringing behavioral changes in the public such as avoiding defecation/urination in open areas and forests. Use mat while sitting/lying on floor to prevent the vector bites. Wear full covered clothes when visiting vector-infested areas. The community needs to be educated about the signs and symptoms of infection so that they seek prompt medical help to decrease mortality.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
